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Abstract 



A method and apparatus for the coherent demodulation of a digital signal constituted by digital 
ii™n!? di^trihE i^ space and transmitted in the form of symbols constituted 

b a mu^ modu,ated by 3 Se \° f SB '1 ^rTnow^alue 

b?oad™s* sfmuUaneously, the digital signal also including reference elements having « 
oo^ol !n s£d time frequency space. The method includes a Fourier transform o at least ^samples of 
said dtai al siqnal containing said reference elements from a frequency doma.n into a temporal 
HnmSn a wSah ^inS ofX transformed samples in the temporal domain by a rectangular temporal 

nfnoto™SSfnoT. transmission channel or an estimated pulse response of the .ransm,ss»n 

channel. 
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btfclK 10 
HuiBa^Slt^^- 'J aiBttC .fc oT V^jfcfc S J: S "C t> 

j£e»©»©««Rjfc*fcffffi***®*f9** ***** 

>r;u©B***frU WfM««-eii!lfB9E»*ixfct»-> 

fU> *IESU*©»CI$IH«tt*6HBR«* c »6 

BtilBfFfiffit-?. ^S^HJEWHaWSST? ffiB-tf- > 7>©R# 
WSfcfT3*Kft«*T, fc5*l/^3^KWT©tf> 
TVl/ftSMIEb 2( 

Jg 1 ti3*g©«f3S5i. 
©(fi$:^-rs> W*a2K:E«©aH»B. 

gMOAfiS, fS-d<iB2~3©^-f*ia i £Ef8©ail3 3 

$eb. 

1 lcBlt©£fl£B. 

[»*h 6 ] «B«JHR£*»* | iRE , >-f > F©m# 

©±ffiCttB+ft, »J#H 1 fcB«©«WKB. 

[M&H7] saafftfctfv^i/cwBBtft^aia* 

ft5^>#;i/*fe»)Mffl©3S*l^£*bVNi&JB©«lfc 
tf»5x MB«HH^-f > K©ft»# (N-M) fB©-t?n 
©jijisMfflwg&Sftfca^S^©^'-^^* 11 

auasns, n*s 1 cb*©«hssb. 

SBCJ:-3T«J«Six6»»©» lfi©«FBf* 
4 y*;uB»£*oTBMSftRll$Ctt»*ft*Nffl© 
B*«ayBadR©*Bt J:oT«)Eat**x*S/V*;i/©» 

scTawsnsjBiB©?*^ ^*;Wi^s> n tu>>« 

HuiB^-f y^^B^tffflEWIHWUMSIIHiatflSiiffiBfe 
*-T?»S*PB^^{®x.> *©£fcttfflB8UB*iSK:f!IW 
bT*5t>» 
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ft fc +»■ > 7*;u©i£ B*ft <f 5 IStfg 4: * 

0 ffFEffFifil-igtflSBu aFB^IHflWtHEU'V 
:r;i/©IRJMiJ£ ft fr -3 feS^V^a^KW 
-F©*>^l'*aiWiEb<l»*1-4, 
d i: ftfSSSc i: "T % 

B*fc«fcoT«fiR3:h.*J&B©, *bt» l*fl©H'j!37- 
-f y*;i/fi3Rfc J:oTB»**ira«Ft»SI*n*Nffl© 
jfi3£S£j£jli£38t©^SC <£. -a T*f5fi££ft 5 •> > #;i/©fl5 
SfCiS©*^*^®©^^ S>*M3*ft* ttiSr»&tt 
©T^iST-feoT, 
>0 fltiB^-f y^^e^^BlBfirlBWWRiiRtStBfcffiBft 
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bT#»K 
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s?*;HI*§©j£ft$&. 
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[fiJH±©jWffl^5] #»W§tt, «S£?©SWrFT, "Tfe 

t,-fe, 7x.-y>^aftSflfe*tH"*"*«©e* (u-u 

— Jfig : Rayleigh Process) ©ttfigTT?, -^bTjt^i: 

mm&&&? we* &®+2>&®&mmiz «t o t b^is 

m-fZo £&K!¥b<l;ju *^W{±, «i&©^ifSAji!l 0 

^-ce>nt> *©«Rrts^iait:J:o-cB<b-r4a»»t 
©7 s y*;ng*©flcacni"5. 

40 [0 0 0 2] 

• [fife*©tt«] *^B^^±^ 1990^11Ml4BaiP.©*B^ 
^4,881,241 *CB«S*iSJ:^fc» COFDM (Co 
ding Orthogonal Frequency Division Multiplex) £. b 

^^aiSCCC^^yAH:, »«»tWbSSBi:«£ffl 

i:tcS^5v>tv>5<, d©^*tt^©->^^Air^fi©^ 

^7&^tt> ae»©««»aKitt:iafr*iaH*»8ii- 

50 ?,©t3ffl^^Sdi:A s -C§2.. **itts W«BKHB«aiHl f 
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[0 0 0 8] NfP^JSIStl&^a©»JjltCli-r 5 1990^2 3 
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Tx jsff^ni.^.§*s)j^mffis^©rac{Si:<4B©s 



*Ri:b-CftlHl«tS»«*tliaia<fl-ESixfcft4« 

A**u §{fBS©ig»§^ bT (i*B©»i£i: 
bTBrft^S. C©«t^{Cbtx *§H£«fcoT\ 
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[0 0 10] 
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£KjCti:3dB -CJ5SOC, SSWCtt0.5dB t?L/**V>. - 
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[00 26] f-f ytJl&jSZMxkt&lfoRIXZ) loffl 
v h h#250kbitsfIK©ra^iSSt^*i8MHzT-© 1 6 

nis, ^fi^nsfi-^fis tt3s-j-6Nffl©«as«tf** 

flss*iTJBJ«*ns*«^>jP^©Wt:J;-3-c«lrii**i. 
So «iS*©»NH:Rfll (0"JA«> N=8) ^fett^Fflii 
(«iB, N= 2 0 4 8) *TJ©^»t^:*v^H-C3i 

tR-rsciii^-r-ts. cct% i ia©aftjg«©^isaft 
{f „ } 

f h =k/t. , k=0 ~N-1 

^^ff^-^j. x(t) (CCT% k=0 ~N-1, j =-oo~ 

+c») ©SJgli, 

J.k(t)=gK (t-jTs) 

C^t, 0 £t gT s ©i:t& k (t)=e 2l -" kt (pa 
i=?r) 

^ixW^©i:#gk(t)=0 
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H&mtiZtm**. * > ****** C0FDM«*tt*O5W** 

to o 2 7] jsesnft^-^e***^ * ft*. 

( + E E* C j. k Vj. k(t ) ) ) 



( t ) = R e C e 



[0028] »ett©ffl*»»R*©»*©raJS*tf* 

TSfctots S^^Wa^^ (inter-symbol jamming) 
£OMX-rSfc«>©HPfiA (0!l*.& A=t„/4) ©«BIHI 
PS (guard interval) tf&fl ^¥ j. k(t)©mi{c}f A£ft 
&. t.ttcnJJlBffl*©WH&*-*"*»*fi^ T - =t 

. + a©hhhs«*>u Att««iaiH©ifflHiift*"i". ^ 

*,, k (t)=gk (t-jTs) 

c *— "tr > 

- Agt <t.©fc* «k(t)=e al »* 4n,t 

*nei*©i;* gk(t)=o 

Yj.k =H Jlk -Cj,k +Nj. k 

H,, k ttfflttftf k © jTs B#^T-©3ifeSS© 

■e©#«»«k-e«BS*i* COFD M4S*©9&(pro 
jection)«lc»6>n*5'>*->K Tft^HfeSft*. 
[0 0 2 9] 3tU>hft(WJ*^Ii6i:i"Sfc«>^ 3 
tl/> h&«S8«CfflV>&ftSaft5£&ai8SB (carrie 
r recovery device ) tt»IBI&©J6$SF©Wffi*ifc«1"* 
CttftS, f^t©Brf^ J ©l-^TCJ^Stf&kCfcfU 
T, 

H,.k =/0 4 .k • e-" hlJ - k (Phi =0) 

[0030] *nft*»r*^jWtt*i6tt, 

(fc£W±) £«. ©tt^W o o rPlifcl&i: LTtfMJB 

.tot COFD M^BT-(±#iP£K: HifeT* 

Sfc£B#;£T-©fc5Jl&&K*f-f SH,.k ©flUDffffli* 
ft 5^i:£qJtSi:-rs. t^tfflBl^j T 

s -t-©-r^T©P]«$fcf k C»t8IflBH, lk 
©ifffittliMJSHS (interpolation filtration) iz£i 
Tftsci:A 5 "C-§?)<, c©7*-f y*;i/©tti£Bu 
^(DttfrZ-H (convolution ) <D&¥kllW&&G»W 

H (k) = Z H 

V=o 

CCt, v = n • RT-feft« H*(v) =H( v) 
v = n • R-Cfettfttt H'(v) =0 
F(K- v) ttttM©<£tttt9E8©ffift 



10 [0 0 3 1] C©««aMffc£«-r4fe5 lo©*««e 
tffctt, fcfc^C^©iis£*©7-'J^^4 5 ^©^ 
£^LV^fcC«fc£>!f$14£ffl<'' l fc*>©"C"£>£» £©$£# 
tt, tt«© (^ft*fti£©) 7-'Jx» (DFT(dir 
ect Fourier transform)) fc, *HH;S*iSfi*©*'f > 
rM >y (windowing (weighting( MifcftfW") ))i:, 2* 

© (^n^nffig©) u^aafc (dft) 

[0 0 3 2] fcfSWtt. £6£f¥b<tt> o©I2SB 
©AttCM-TS. «k DFTflloO*«ftfifflttfc 
20 fe*C*©lS*©^#£»®fc* c * l ' v ' ;ifc " e * 

khu *ffia:ai^*»*fc«>t«iR©^;^*B»ii«c 

.fc s*i£TJi&Ki: 3 *t attend htffc* 1 

5. ©**&-*% DFT^It»1-2»fc«)©^l9!l±t-T-(C 

[0 0 3 3] R{I©S8M&«£ 1 o©aStW»5S«©*l-& 
Rii 2 ©&8re&2>. flfcOU Rtt4~6 
4©SSffl6 i e)S^$ft2>o ) -t-SiPfiBi£i££lf XtSC 
30 fctt, SflWH^ ilfSK©i l J1t>7"J>^ (sub-sample 

IBfcU v = n • Rl3^tUt> 

[ft2] _ 

H ( v ) 

:CC, ntt 0 (N-D/R R-l fcfc2o©S 

lWHI©»a«©», t-g^iT-S. Ltzifi-oX, WPS©^ 

[»3] _ 

H (v) 

40 ©iiasnfetB*®^^^***©^^*^*®^* 

[«4] 

' ( v ) • F ( k - v ) 



[»5] 



50 fct, BS Scroti* 
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me] 



[&1 0] 



H ( v ) 



H (k) 



©B2>£tt(tfc;ffl£<fcoTf#e>;ft2>o H'(v) (MJ^ift 
««-?©»{!*&©*&&) £F( v) (ilSEiS^T-©^ 
i£t§©Jfo&) ©Nffl©5JWUft-**.Sfc* ^ix^tKDM 
7-'Jx^lih'(n)if(n) MGIfcfc^-^ 

[3&4] «fc -5 £fi<d£:#T*§£>o 

[»7] 

( n ) • f ( n ) 



10 



[&8] 



h 



( n) 



fciH(k) ON{SOS^©DFT-' 

h' (n)liH' (k)©N<I©g?!?©D FT" 1 

f (n) liF(k) CQNjiCDS^CDFT" 1 

Sr^Sfc-fSo • H'(k)i:F(k) ©ft A> £ h' (n) i: f 
(n) ©{I£f#32r#>©jS»DFT (niffiKWK^&^n* 
^©S^) fcx • h*(n)tf(n) ZmitcSSmt, 



. DFT«»ft«»C*ff-rSfc»t:, Ntt2© 
lift (tflAttx N = 512 ) fcjKR-r Si 
[0 0 3 4] Hltt, dCDia'Ec> *<gSS<Z>J&g£i¥ffi 

©?>:r;i/*£j«i-sitt«7--y*«» (dft) 
•Dts -«B9a*i£"T;iMi*ns. y„ =h„ • c„ + 

[»i i] 

c k 



[»1 2] 



20 



[»9] 



cottar 



h ( n ) 



f©fiY k ©3f{feC£o-Cf9&ftS. £©ffl»BU&8F©.. 

^TO^V^Yk ©aqiK*K:»lBf5M = N/Rfla 
©•9->:7;u 
[»1 3] 



Hk (Ho , H r , H„ 



H, 



O , 



*30* [ftl 4] 

O , Hr . 0 , • 



H„- r ) 



0, H, 



KC (N-N/R) <H©-BDffi2SS^©WAi:*fT-5- 
Nffl©SSR©iS»^l 4Bu itflS&OJUigi&rSg©!']^ 

mi 5] _ 
Hk 



fcftCffiV^ftS. .fcDIEJKfctts DFT- 14©*£ 

?#e>*T,3 h' B ©Nfi©(a©*ji±iifs8&©' w^ts&off 

fffiSSIfiEt-S. *U Jt^fcltWl-AJvEc^TN h(n) 
#H(k) ©N«©S*"5tHIC**x4il»**ft}iSb"Cifi 
JUSftftHU H" (k) ©a»DFT4>6»6ix4h , (n)tt 



h*(n) = h(n) +h(n+N/E) +h(n+(2N/R)) + ---- + h(n+(R-l)N/R) 



c:t% «WttN©JMjfcfca-3<. 

[0 0 3 5] 0 2 Ai5iV0 2Bli^n^^ itftESh 
(n) (1"^T©»iS** , a£*«Hfi*"e**i:<S€ly&» 

6c»*6r«) kafiBh'w (aeis©««[Bus»© 

Bj*>^u>yK:»js6-r6. -rutts Rfi©flfij£$fc« 

£lo©£¥{ra&$fB^fc fc©/W 
Xfc5©fHB©2o©0lftjii-r. H2Bfc*trV£s &m 
BJHOHItUfnffliaBJItftl^AU&ci:* 1 /^^**© 
S(*fc»-rt3Jlli:*ofcCi:* s J:<fo*»*. I22A©* 
tlt«t5lfl5 2 £f#S fettle, g&#5 2 50 



A Tm.x |NT/R= t . /R ---C, Ttt-9"> 



(7) 

11 

Kf(n) i 5*mm-rzziiv<&gx-&z>o 

f(n)=l :tf, ntt 0, .(N/E-l) 

f (n) =0 ntt N/E, ,N-1 

tr-i > K 1 5 t«to"C-§-x.5)ix2>N{ECD-y->7';K± > Ml 

[»16] 

H k 

£4-* SN<I©j£T-©&ttfc:7- (discrete Fou 
riertransfonn) 1 6l:<totgiSn5. 10 
[0 0 3 6] loro^&TfcJ:, JJUltya-M 3 

tc«t o xatB s n s v > 

H k 

©ig^> ;H 4l±N/RiiSl"T?©*ai7— 'Jat* 

»ft*(f-rs. C©lg2©7j&«u £9^fe^ft©ttJt 

> K^T >^1 5tt^ N-N/RliW-lfD-y-V^l/O^Ji: 20 
N/R«O«h*„C04P*t:»je-r*. DFTftfEff-r* 

HuojejKoKfraW'ai^'f > F©{i^h'n~.©Mj8i±Ji& 

[o o 3 7] #§iififi0flK t fctu£, z(Dm2<Dxm*mm 
j&aftttffl-i-si'ttaiRiiiBT?**. *«c, dft- 

K*fcDFT*lft©JI0?*a»t:-r»CfcA«Tf*Si4:tt 

[0 0 3 8] E3i=t, §a*fc»&*i&»{iB©>w*f6 
«f©iwb©«it*4. uftciD, w«'h*<«foT^ 

6N/Rffl©a*ftfl[OSlft»4. d©*HU <f*C« 

Ufetfot, d©ilfl^©^©fF{ffit4Ji5 
vVHKf*£*» C©di:(i«ra©aH&©T$^-i.o it 40 

bT©3 tl/> MK«C»f**l»0:3IIWUttt 3dBT- 

^l^tcti. 0.5dB ©tSffl-t-i&So 
[0 0 3 9] *»flBO*KW&»«t intt, fflfiSS© 

/ wT.fo&ti.m&oB® *mmt s <t -5 ^tmts n * . 

^(threshold) 1"?.. C©*3>a— M**3*l/2/3 
8<J& i fe>©T-fcoTfc«fc^U fe2)VttSf&1"5 i fe©T-$) 50 



ttM¥ 5-7 5 5 6 8 

12 

2 l ii$ofc < fljffl £*iT^£v^ cit *%b^ 
U ^©SgfllilA 5 ^ ©:* 2/ a ;u h tiTo^^t ©fi^f 

ttiftjcU tllCAoT, it©«*2 4a > 2 4 b , 

fc<fcV2 4 C 3. 
[0 0 4 0] IBjtfiJgfcJu »»^-t fex •> toB-±J£© 
8 2 ©;£*£©«££ £>f > >^"S|gt©BuCfTt>n 

tfc©jR*©|ffl-e&;&fta. £©#&(£, C0FDM©ff2 
»©«*-C»CA<«M6-r*. »^ *r£fctif*Bttit«( 

©sv>as^-{±^u->3;i/K«t <, -eutRft^n 

S. li*©*!!^*^!*^***! 

[004 1] §414, #SP3©ilSE0!l£ctS.r©.fc5fc 
;xu^3;wK*J£*»©7n***jEfcia*S*1-. RJWJ 
£SUfl7tt, ?l^©xi'^3;i/K 3 2©HSti:bT-tJ- 
>7Vi/h'„f;:«-3oTft;*ft5» |+»^i;a-;v3 3 
fc£, 4Hct^T#x.e>ix?>^l : &S^© 

S. COFDMB8[«C*^Ttt, d©o" J ©«$Rtt 

•9>^.iCv #$RE©£Bttv>ip&5B:fcofc^^«*>B 
**n«CV^ % *©*gtil*DFT©it-ff©&»©»S^ 
l±cr 2 ©§¥ffi©fc#©^t^©&©T-fc3-5i:\ 

st#«Ei-*-f©#ai:««5!**?sffl-rs©-e»4. 

£©HHHtt* 09*.BU 1988^11^ 18B^tBSl©^H#t^ 
fgFR 88 15216 * (1989^11/3200 CHllBO^BfirWSB 
07/439, 275^{CWS) S/>*;bfflW©H 
©fl^##:£LfcV>fc§£*UfflbTSt ; f©;*^ WWC 
«fc S##T ^HfT-r otoTffS ^ fc^T- & 5. 
[0 0 4 2] WTtEjfi*ii**WWTtt, Sil©^ U 

S. d3fcyJiJI#©tSiP(S^T-feSo ^i'->3;uh'l+ 
»©W«*at)An6. i 5 < ©Ita-sWHEl- 

«*©«■**>* »>**v>. ci©««s^ii^^ 

f&^©i¥<ffi©fe»C^^i— ;i/3 5^ot-3t#x.e>*x 
So tt >)£-#- 2:. ^ES^a— ;i/3 5(4, COFDMO^f 

V^S. PS^fJS^^a— ^1 7tt, 0"J^.K> 
[0 0 4 3] {t!l©^<©^fiK* s ia^^^T$nST-fe?) 

fcS©*RJW£«*fc3«T-r5Ci:* l 'CS4. " »!?• 
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©a(critical a) " (Dtf) 5fg©^* t> a s tc^b^fl 
ST- gte^mfeffttuX Ui/afr K SrSJR-r S 3 1 i> X § 
5„ C©i§^ o s tt. 0Ufc^ #>1 O-OBER (2 
jtM*)^ : binary error rate ) Z&^Mj] W 

[0 0 4 4] ^CITn 05£#fi3bT, #$SB£&C«fc5^ 
©3&N{i5 1 ^*ven#T s =80>us<Dft$ 

<Dis^itMzm%)tt.ffimt . =64//s<&«i-i). 

1 o©gi£#{£ffl£ftft«x .&ftK©JSgT-©ti$RfciU 

At max <t. /R-c&zfrg *)mft$nz>zt&M<b 

C «fc o X * =r) Wfc £ ix S . 
P (t) = (1/to ) e- "' 0 fc«U tSO 

[0 0 4 5] 

bV>t§£-© 3 -3©Jf5®©&^£Jt«( bTV> S . 

• flfc»ttUI • • • 4 1 

• 4«6jSi6«t- lo©SipT-nt:b> hfftn • • • 4 
2 

3 

Cft&©tttttt»»*©#AfcJ:S«a»* (lOlogl/ 
R) -£-©}i5fc£tt»KA;flTV>2> (i^N. T-©W£IJ 

2>tx *^©^g^«toT1.6dB (R = 4®t§) * 
5>2dB (R=8©fcS) ©«ffl©*J»fc»S£fc* l *>* 
g&S-TSi:, MM©Sil©»«H^>W*«6iS©fffiB 

3 b u > b^ff#?>n5ffl^iT-©^ i tovmma&m 

[H2A] 



^fga^P 5-7 5 5 6 8 
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©isii*»sfc»£ttffl**i6*>3 i-3«uaii< sse 

tl*m\i$*Z>Z£X-$>Z>o S*PH6;I&©2&M = N/R 
^o^RoWttbffr'C**' 0J*.HU -ft£©» 

«Wttja«ttflbo«ss*cjt«i/Ti.z ~2 

[0 0 4 6] 

[Ell] *»BCi6, 7- U >:7;i/©PR» 

[0 2 A] ■r^T©aS)tiSA j a^«8ii^fc{K^bfci:§ 
©a<iSS©-'Vl/^f& : §©SBra±©ffF<ffi©^!l<. 
[02B] Ril©Jfii^&«t lo©»iM8Sz|}££J¥Ab 

[0 3 ] #*TO©IR*W£*«**fTb&^S&fi©tt^. 

fc£S£»&ftfe»fII&©'W*Jfc*©Wffi©«- 
[04] * U a )\y Y AHt m U h jiff Sis S8©/ 

xjissic«#-r4»'&©ia i csufji *.«&«■©* 

1/ a ;v K ttffi^Sffl ^"o * * 0. 
[H5] *WHMI©»^ 3fcU>MMrC4ffl©» 
%SSC lo©Sip®ig£*?Abfc«-&i:x 3tl/>h 
«WT 8 !!©«»*«£ 1 o©»WB*S»ALfc»S- 

fc-r-©^*©tb«to 
[W^©BMH] 

11,16 DFT 
14 DFT" 1 

1 2 mm 

1 3 N/RflBO-tTVvOWDJSttJ 

1 5 MfrrSft 
1 7 



[02 B] 



hCn) 



bin) 
51 



52 



(10) 



WBB 5 ? 5-75568 



[05] 



LBER 




WB) 



(71)tBBSA 592042314 

TELED I FFUS I ON DE FR 
ANCE 

y^y^m* 92542 *:>bn- Hz^ 
bT— If— 518, .'I/— 21-27S 



(72)3£fE# 

(72)%B^# 
(72)#6W# 
<72)3£B£# 



7^>^H, 35000 I/*, XtV — 
)]/ T^y y^)li>^> 17SA&, 

S/3ii?>f (T^^t 102) 

7-7>^H, 35700 I/*, U^- > 
77>^i, 35000 \s*> 
7?>^i, 35700 V*, U^- ^ 



